Exercise referral schemes are widespread across England. National guidance emphasises the need to engage groups that are disadvantaged.
INTRODUCTION
Exercise referral schemes are one of the most widely established primary care physical activity interventions in England (Box 1). 1 The majority of referrals to these schemes are made by general practices. 2 National guidance emphasises the importance of ensuring that exercise referral schemes are delivered equitably and explicitly states that they should employ strategies to target and engage people from disadvantaged groups. 2 Although people from such groups attend primary care more frequently than those from more advantaged socioeconomic groups 3 (which accords with their greater need for care) they are less likely to use preventative 4 and specialist 5, 6 health services. This observation, that those in most need of health care are often the least well served in terms of receipt of such care, has been termed the 'inverse care law.' 7 The benefits of physical activity for the primary and secondary prevention of a range of clinical conditions 8 underpin the eligibility criteria for exercise referral schemes. 2 It is likely that there is higher eligibility for these schemes among patients from groups classified as more socioeconomically and are less likely to engage in leisure-time physical activity 8, 10 than those from groups classified as more socioeconomically advantaged. However, despite higher eligibility for the service, known barriers to participating in physical activity, such as lack of money or access to transport, are socioeconomically patterned. 11, 12 Hillsdon et al demonstrated that the availability of gyms and swimming pools declines with an increase in the level of deprivation such that areas in most need of facilities to assist people to live active lifestyles have fewer resources. 10 This study examined the association of deprivation with each stage of the exercise referral scheme pathway: from GP referral to uptake through to completion of the scheme. The first objective was to examine the influence of deprivation status of the area within which a general practice was located on the likelihood of referring patients to exercise referral schemes. This provides an indication of the extent to which equity was addressed at the organisational level of general practice, given that this was the main access point for entry to the scheme. The second objective was to examine the influence of patients' deprivation status on the likelihood of attending the initial exercise referral appointment (uptake of the service). The third objective was to examine the influence of patients' deprivation status on the likelihood of attending the final exercise referral appointment (completing the service).
Given that transport is a barrier to engaging in physical activity, 11 distance both from home and from the referring general practice to the nearest participating exercise referral scheme was considered in this analysis. Furthermore, GP training status has been included as a potential confounder in the analysis. Quality of service is reportedly higher in training practices 13 and, as such, it is hypothesised that such practices might also have a greater propensity to engage with exercise referral schemes. Training practices are more commonly represented in less deprived areas.
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METHOD
This study used a pragmatic sample of six exercise referral schemes in Greater London, which were able to provide electronic information on each person referred to the scheme over a 24-month period (April 2004 to March 2006) including:
• whether patients attended their initial and final appointments; • their sociodemographic characteristics; • information regarding the clinical reason(s) for referral; and
• a record of the health professional or health centre that made the referral.
Each exercise referral scheme was located within a primary care trust (PCT) and every general practice within each of these PCTs was able to refer patients to the scheme.
Data sources
Information came from two sources: the six exercise referral scheme databases of referrals and, for the referral analysis, the family health services database of patients registered with general practices in the participating PCT areas.
Each exercise referral scheme routinely recorded details of those patients who were eligible and had been referred from general practices, as well as their attendance at initial and final exercise referral scheme appointments. Patients' postcodes and general practice postcodes were used to assign the Index of Multiple Deprivation (IMD) 2004 14 at Lower Super Output Area level (LSOA). An LSOA includes an average population of 1500 people. The IMD 2004 scores for each LSOA in England were ranked and these ranks grouped into quintiles, with IMD1 representing the 20% most deprived LSOAs in
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Distances from patients' homes and from referring general practices to the nearest participating exercise referral scheme venues were calculated using postcode coordinates obtained from the National Statistics Postcode Directory.
16 A further general practice-level covariate, GP training status, was obtained from the GP informatics unit of the London training deanery (personal communication, 2007).
Statistical analyses
Analysis was performed using STATA SE (version 9.2; College Station, TX, US). Generalised estimating equations (GEEs) were used to estimate risk ratios for referral to exercise referral schemes, odds ratios (ORs) for uptake of exercise referral schemes, and ORs for completion of exercise referral schemes across IMD 2004 quintiles. GEEs were used in preference to standard regression models because they take account of clustering in estimating coefficients and standard errors. It was assumed that patients within a general practice were more similar to each other than to patients from different general practices and hence clustered within general practices. Re-referrals, outof-area referrals, non-general practice referrals, and any records with incomplete data were excluded from the GEE analysis ( Figure 1 ).
For each of the three outcomes in turn, a GEE model with all the covariates that had been identified a priori as potential independent risk factors, or confounders, and the outcome of interest was fitted initially -the full model. A backward elimination procedure was then used to produce three final models that included IMD 2004 and only those covariates that were associated (P≤0.05) with the outcome.
Referral analysis
Information from the family health services database supplied by PCT information managers contained patient population information aggregated into 5-year age/sex groupings. The exposure of interest for the referral analysis was the IMD 2004 quintile of deprivation for each general practice. 15 The other covariates were age group, sex, scheme area, distance from general practice to nearest participating exercise referral scheme venue, and training status of general practice.
The numerator for estimating referral risks was the total number of patients referred to exercise referral schemes in a given 5-year age/sex/general practice group and the denominator was the total number of patients eligible for exercise referral within the 5-year age/sex/general practice group. The denominator for the referral analysis was derived in the following way. Synthetic estimates of the percentage of the population eligible for exercise referral by age/sex/IMD 2004 quintile were created using information on morbidity and lifestyle characteristics from the Health Survey for England 2004.
17 Eligibility was defined in terms of inactivity (exercising less than once a week) and also having either one or more of the clinical conditions for which exercise referral is indicated or one or more risk factors for future cardiovascular disease (smoking, family history, body mass index of ≥25). The number of patients within each general practice age/sex group who were eligible for exercise referral was then approximated by applying the corresponding age/sex/IMD 2004 quintile synthetic estimate from the Health Survey for England 2004 to the practice population data.
Uptake and completion analyses
The exposure of interest for both the uptake and completion analyses was the IMD 2004 quintile for each patient (assigned via LSOA of home postcode). The other analysis covariates were age group, sex, scheme area, reason(s) for referral, distance from home to nearest participating exercise referral scheme venue, distance from general practice to nearest exercise referral scheme venue, and training status of general practice.
ORs were calculated, first, with respect to uptake of the service and then for completion of the scheme by those who had attended the first appointment. Area 4 was excluded from this part of the analysis due to incomplete data collection in the uptake and completion fields (Figure 1 ).
Sensitivity analysis
GEE models run on the assumption that missing data are missing completely at random. GEE sensitivity analysis was undertaken to assess any influence of missing outcome data. 18 (Further details can be obtained directly from the author.)
RESULTS
The six PCT areas included in the study span the range of deprivation experienced in England. Overall, the study population indicated greater levels of deprivation, on average, than the English population and the exercise referral populations previously studied (Table 1) . Consistent with previous studies, referred individuals tended to be of middle age and the majority were female. The proportions of patients taking up and completing exercise referral were low; again, this was consistent with previously reported participation levels (Table 1) .
All 317 general practices from the six PCT areas were included in the analysis of referral to exercise referral schemes (Figure 1) . After accounting for variations in exercise referral scheme eligibility and controlling for factors found to be associated with referral (age group, sex, scheme area) there was a socioeconomic gradient in referral risk across
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Original Papers (Table 2) . General practices serving communities that are socioeconomically advantaged were less likely to refer patients to exercise referral schemes compared with those serving communities of deprivation (P = 0.001, adjusted risk ratio for trend across IMD quintiles 0.84; 95% CI = 0.76 to 0.93). In total, 6101 patients who were referred from the five schemes that reliably monitored scheme activity were included in the uptake analysis (Figure 1) . After controlling for factors found to be associated with uptake (age group, sex, being referred for musculoskeletal/neurological conditions), the likelihood of taking up exercise referral schemes was not associated with the socioeconomic status of patients who had been referred (adjusted P = 0.85, test for trend P = 0.89).
Some 3565 patients who took up the service were included in the completion analysis ( Figure 1 ). After controlling for factors found to be associated with completion (age group, scheme area, being referred for prevention of cardiovascular disease and/or diabetes, training status of general practice) the likelihood of completing exercise referral schemes was not found to be associated with the socioeconomic status of referred patients (adjusted P = 0.06, test for trend P = 0.20; Table 2 ).
In total, 39 and 537 patients had missing information on attendance at the first and last exercise referral scheme appointment respectively; as a result they were excluded from the relevant GEE analysis. The sensitivity analysis undertaken to explore the influence of missing outcome information (not shown) did not alter the substantive results for IMD 2004.
DISCUSSION
Summary of main findings
The main findings show that general practices within areas of deprivation were more likely to refer to exercise referral schemes than their counterparts in more advantaged areas. This was the case even after accounting for the greater levels of eligibility for exercise referral schemes present within those communities that are classified as deprived. This study's findings suggest that exercise referral schemes do not comply with the inverse care law, which is commonly reported for preventative health services. 4 Once given access to the system, patients living in areas of deprivation were as likely as those from more socioeconomically advantaged areas to take up and complete the scheme. This suggests that concerns that leisure-centre based schemes are unlikely to recruit people from groups that are classified as deprived, and that such people are unlikely to adhere to exercise programmes, may be unfounded. 19, 20 However, optimism must be tempered by the fact that overall participation levels were low and the long-term effectiveness and cost effectiveness of exercise referral schemes has yet to be established.
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Strengths and limitations of the study
This is the first study to examine the likelihood of referral to exercise referral schemes, enabling the association between deprivation and service use to be studied across the whole exercise referral scheme pathway. This has been achieved using an innovative approach to quantify eligibility for exercise referral across general practice populations. 2005 
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In contrast with previous primary research examining factors associated with use of exercise referral schemes that have focused on single schemes, we examined six exercise referral schemes across Greater London. Comparisons with previously published studies show that the demographic profile and participation levels of those patients referred in this research are typical of other schemes running across England (Table 1) . Therefore, the current research is likely to be generalisable to other exercise referral schemes, especially those that are located in socially-diverse urban populations.
A further strength is that a wide range of theoretically plausible variables that might confound any relationship between socioeconomic status and service use were taken into account, including several that have not been examined before in this context (distance from home or general practice to nearest participating exercise referral scheme venue, training status of the general practice).
Robust statistical techniques were used to take account of clustering of referrals within general practices. These techniques were not applied in previous examinations of exercise referral schemes. There were also some limitations to this study. Only six of the 30 exercise referral schemes established across Greater London were examined. This was because no standard minimum dataset has been developed for exercise referral schemes and, as a result, only seven schemes collected sociodemographic information and monitored uptake and completion of those patients who had been referred; six of these schemes agreed to participate in the research.
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This analysis took account of eligibility for exercise referral because it was not possible to examine referral, uptake, and completion having taken account of clinical need for the scheme. An assessment of need for exercise referral depends on having evidence of the effectiveness of the intervention (that is, the ability to benefit) for different conditions and risk factors. National Institute for Health and Clinical Excellence (NICE) guidance has recently highlighted the lack of such evidence and recommended that commissioners should only endorse schemes that are part of controlled studies to determine effectiveness. 22, 23 Such research requires the collection of standard data on health outcomes. It was not possible to examine associations between use of exercise referral schemes and health outcomes because of the heterogeneity of outcome measures currently collected by schemes. This was coupled with poor reliability among some exercise referral schemes in terms of their recording of patients' post-intervention health status.
It would have been valuable to have examined referral at the patient level in addition to referral at the general practice level. However, under current ethical guidance this would have required consent from each patient in all 317 practices across the six PCTs to enable patient records to be matched with exercise referral scheme referrals. This was not practical. Uptake and completion were examined at the patient level using an area-level indicator of deprivation because individual-level data on patients' socioeconomic status (such as employment or educational attainment) were not recorded in the databases examined.
Area-level indicators of deprivation based on postcodes are commonly used in health services research. 15, 24, 25 It is recognised that if individuals do not conform to the socioeconomic profile of their residential area, or if the location of the general practice does not accurately reflect the profile of its patients, there may be over-or under-estimation of the effect being examined. 26 To minimise the divergence between individual and area characteristics the smallest area level (the LSOA) for which IMD 2004 is available was selected. IMD 2004 was used in this study because it draws on a range of sources, including data from the census, from administrative databases detailing claimants of income and disability benefits, hospital episodes statistics, educational attainment records, and Home Office crime statistics.
14 As such, it adopts a holistic conceptualisation of deprivation; it is also updated every 3 years, unlike other measures, such as the Townsend and Carstairs indices. 27 Finally, 39 patients were excluded from the uptake analysis and 537 patients from the completion analysis due to missing outcome data (Figure 1 ). If missing data are not missing at random but are systematically distributed within the dataset this could bias the results. However, sensitivity analysis undertaken for outcome data not missing at random using GEE 18 did not alter the substantive results for the association between deprivation and uptake or completion.
Comparison with existing literature
Previous research is limited to analyses of single schemes and has produced conflicting results. In common with the current study's findings, a study of an exercise referral scheme in an urban area in the northwest of England found that patient deprivation status had no influence on the likelihood of attending the first exercise referral scheme appointment 24 and a study of a scheme in rural Somerset found that patients from areas of deprivation were just as likely to complete the scheme as their more advantaged counterparts. 25 However, in contrast to this study's results, patients in areas of deprivation in Somerset were less likely to take up their initial appointment. 25 
Implications and future research
This study demonstrated that general practices within areas of deprivation were more likely to refer patients to exercise referral schemes than practices in more advantaged areas, even after accounting for the greater levels of eligibility for exercise referral within communities classified as deprived. Research is now needed to identify the organisational and contextual factors that enable this pattern of service delivery that appears to facilitate access to care among patients from areas of deprivation and, effectively, reverses the inverse care law. The success of these schemes in promoting physical activity among groups from areas of deprivation also underlines the need to evaluate their effectiveness in improving health and in reducing health inequalities, as recommended by NICE. 23 
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